Abstract The treatment of thoracolumbar fractures remains controversial. A review of the literature showed that short-segment posterior fixation (SSPF) alone led to a high incidence of implant failure and correction loss. The aim of this retrospective study was to compare the outcomes of the SS-and long-segment posterior fixation (LSPF) in unstable thoracolumbar junction burst fractures (T12-L2) in Magerl Type A fractures. The patients were divided into two groups according to the number of instrumented levels. Group I included 32 patients treated by SSPF (four screws: one level above and below the fracture), and Group II included 31 patients treated by LSPF (eight screws: two levels above and below the fracture). Clinical outcomes and radiological parameters (sagittal index, SI; and canal compromise, CC) were compared according to demographic features, localizations, load-sharing classification (LSC) and Magerl subgroups, statistically. The fractures with more than 10°correction loss at sagittal plane were analyzed in each group. The groups were similar with regard to age, gender, LSC, SI, and CC preoperatively. The mean follow-ups were similar for both groups, 36 and 33 months, respectively. In Group II, the correction values of SI, and CC were more significant than in Group I. More than 10°cor-rection loss occurred in six of the 32 fractures in Group I and in two of the 31 patients in Group II. SSPF was found inadequate in patients with high load sharing scores. Although radiological outcomes (SI and CC remodeling) were better in Group II for all fracture types and localizations, the clinical outcomes (according to Denis functional scores) were similar except Magerl type A33 fractures. We recommend that, especially in patients, who need more mobility, with LSC point 7 or less with Magerl Type A31 and A32 fractures (LSC point 6 or less in Magerl Type A3.3) without neurological deficit, SSPF achieves adequate fixation, without implant failure and correction loss. In Magerl Type A33 fractures with LSC point 7 or more (LSC points 8-9 in Magerl Type A31 and A32) without severe neurologic deficit, LSPF is more beneficial.
Introduction
The treatment of thoracolumbar fractures remains controversial [21, 22, 30, 35, 38] . Although most authors believe that surgical treatment is needed for unstable burst fractures, the choice for operative approaches remains disputed [2, 5, 9, 21, 30, 38] . Common opinion is to obtain the most stable fixation by fixating as few vertebrae as possible and neural canal decompression [1, 2, 5, 7, 21] .
Short-segment posterior fixation (SSPF) is the most common and simple treatment, offering the advantage of incorporating fewer motion segments in the fusion [2, 26, 29, 30, 36, 37] . A review of the literature showed that SSPF alone led to a 9-54% incidence of implant failure and re-kyphosis in the long-term, and 50% of the patients with implant failure had moderate-to-severe pain [2, 5, 25, 33] . To prevent this, several techniques have been developed to augment the anterior column in burst fractures, such as transpedicular bone grafting [2, 13, 26, 27] , placement of body augmenter [9, 30] , polymethylmethacrylate (PMMA) injection [10, 11, 40] , anterior instrumentation and strut grafting [21, 24, 38] , or long-segment posterior fixation (LSPF) [1, 19, 34] .
There are few controlled studies explaining the reasons for implant failure and re-kyphosis for thoracolumbar fractures [2, 4, 7, 32, 36] . Most of these were retrospective studies including diverse patient groups, as well as all thoracal and lumbar fractures. In the current study, only patients with thoracolumbar junction (T12-L2), Magerl Type A fractures were included and patients were divided into two homogeneous groups according to short-and long-segment application. Comparisons of SI, CC and functional scores, taking into account age, sex, localization, Magerl subgroups [31] , and LSC [32] , were made within and between groups. Features of fractures with a loss of correction were determined. The aim of the present study was to examine LSC efficiency and to determine the proper treatment choice for thoracolumbar junction in Magerl Type A fractures. Detection of those fractures in which SSPF without supporting anterior column is sufficient and does not lead to implant failure and loss of correction was one of the goals of this study.
Material and methods

Between March 2001 and May 2004
, 63 patients with acute, traumatic fractures of the thoracolumbar junction were treated with short-or long-segment posterior instrumentation and short level fusion in our department. Patients included in this retrospective study had: (a) a single-level burst fracture of more than 6 points as graded using the load-sharing score (LSS) described by McCormack et al.; (b) neurologic function limited to Grades C, D, or E using the grading system of Frankel et al.; (c) limited involvement of T12-L2; (d) <3 weeks from the time of injury (e) CT scan revealing a bursttype fracture with more than 25% retropulsion into the canal; and (f) SI of more than 15°. Furthermore, we eliminated: (a) 16 patients with serious neurological problems (Frankel Grades A and B), who were treated with anterior or combined surgeries; (b) ten patients who had Magerl Type B, and C fractures; (c) eight patients who were lost to follow-up; (d) two patients who died of unrelated medical illness; and (e) 18 patients who had inadequate follow-up period.
The patients were divided into two groups according to the number of instrumented levels. Group I included 32 patients treated by SSPF (four screws: one level above and below the fracture) and Group II included 31 patients treated by LSPF (eight screws: two levels above and below the fracture). All the operations were performed by one of the two authors (MA, BÖ ), without any discriminations according to the fixation type. Since this is a retrospective study, the authors had decided to apply short-or long-segment posterior fixation during the operation, till 2004 January. After this time, the instrumentation type was selected considering the age of the patients with LSC and Magerl Classification. One of two spinal instrumentation systems-Alıcı (Hipokrat, Izmir, Turkey) or Xia (Stryker, Bordeaux, France)-was used in all patients. Screws were 40 or 45 mm long, depending on the level and size of the vertebra. At the tenth and eleventh thoracic levels, 5.5 or 6.5-mm-diameter multiaxial screws and at the twelfth thoracic level and caudally 6.5-mm-diameter multiaxial screws were used. The instrumentation was applied bilaterally, and cross-links were used to augment torsional rigidity. Reduction of the fracture and indirect decompression of the spinal canal were accomplished by the rod contouring and extension and compression-distraction forces before tightening the screws. No discectomy or laminectomy was performed. Posterolateral short level fusion (only fractured vertebra included the fusion area) with autogenous bonegraft taken from the iliac crest was performed in all patients. Patients in each group wore a thoracolumbar brace for 3 months.
Complete clinical and radiologic examinations were done on admission. SI was measured as described by Farcy et al. [16] . Computed tomography (CT) scans were taken preoperatively to classify the fracture type, to assess CC and comminution, and to see whether the pedicles of the neighboring vertebrae were intact and able to take the screws. Spinal CC was calculated with the formula adapted by Willen et al. [42] . CT scans were taken at least 1 year after the operation. A fracture severity score was constructed using the LSC described by McCormack et al. [32] to compare fracture severity. The fractures were classified according to the system developed by Magerl et al. [31] .
Clinical and radiographic follow-up was at 2, 4, 6, and 12 months and every year thereafter. Data were collected concerning age, sex, localization, type and severity of injury according to LSC, presence of neurological deficits, pain and work status, complications and radiologic parameters (SI, and CC). Correction loss was defined as an increase of more than 10°in SI in the latest follow-up radiographs compared with the measurement on the initial postoperative radiographs.
Neurologic assessment was done using the grading scale of Frankel et al. [17] . Pain and work status at latest follow-up were recorded based on the scale of Denis et al. [15] . This is a five-level scale ranging from no pain (P1) to constant, severe pain (P5), and from return to heavy labor (W1) to completely disabled (W5).
The clinical and radiographic outcomes of treatment with the SSPF were compared with those of treatment with the LSPF using parametric and nonparametric analyses as appropriate for the data. The statistical analyses were performed with use of SPSS version-13.0 software (Chicago, IL, USA). A P value of <0.05 was considered to be significant.
Results
The groups were similar with regard to age, sex, localization, LSC, SI, and CC preoperatively (P > 0.05). The mean follow-ups were similar for both groups. Patients' demographics and distribution of fractures are shown in Table 1 .
Restoration of SI, and CC were well maintained in each group, but were better in Group II. Correction loss in Group II (3.1±2.9°) was much less than in Group I (5.2±4.1°) ( Table 2 ).
There were no significant differences in SI and CC in Group I according to Magerl classification (P > 0.05).
SI correction was better in Type A31 than Types A32 and A33 in Group II (P = 0.019). Between Groups I and II, for Type A31, there were significant differences in SI postoperative and last follow-up correction (P < 0.05), and for Type A33 in SI last follow-up correction and canal remodeling (P < 0.01) ( Table 3) .
Correction loss, and postoperative and last followup corrections were not significantly different between T12, L1 and L2 in both groups (P > 0.05). Last followup SI correction for L1 were more significant in Group II than in Group I (P < 0.01), and canal remodeling was better in Group II than in Group I for T12 (P < 0.01) ( Table 4) .
In Group I, last follow-up SI was better in LSS 6 than LSS 7 and 8 (P = 0.022). In last follow-up, CC were significantly better for LSS 6 and 7 than LSS 8 (P < 0.001). In Group II, last follow-up CC were better LSS 6 and 7 than LSS 8 (P = 0.019). In comparison of two groups in LSS 6; canal remodeling, in LSS 7; SI last follow-up values and correction loss, in LSS 8, last follow-up values was significantly better in Group II (P < 0.01) ( Table 5 ).
The association between age and SI and CC were evaluated. The patients in both groups were divided to subgroups according to their age below or above 50 years. There was no significant difference between SI and correction loss preoperatively and early postoperatively, whereas there was significant difference between two groups at the last follow-ups (P = 0.002). There was significant difference between the patients who underwent LSPF and SSPF (with four screws), younger than 50 years (P = 0.048), also between two groups of the patients older than 50 years (P = 0.034) at the latest follow-up. Significant difference between the patients older than 50 years who underwent SSPF and the patients under than 50 years who underwent LSPF (P = 0.004) was observed. Also the last followup values were worst in the patients older than 50 years, treated with SSPF (Table 6 ). Postoperatively, kyphosis was corrected by more than 10°in 25 (78.1%) of the 32 patients in Group I, and in 26 (83.9%) of the 31 patients in Group II. Last follow-up values showed a correction of more than 10°i n 10 (31.2%) patients in Group I and in 18 patients (58.1%) in Group II. Correction loss more than 10°w as found in six patients (18.8%) in Group I and two (6.5%) in Group II (Table 7) . Five of these eight patients were older than 50 years (four in Group I, one in Group II). One patient in Group I had a worse SI at last follow-up than preoperative value. Final SI did not exceed 30°in any case in either group. According to localization, the highest correction loss (5.4±3.7) was observed in SSPF performed on L1 vertebra fractures.
Increased correction loss was observed with increased LSS's in Group I (Fig. 1a-d) . Adequate canal remodeling could be achieved also in the patients with inadequate sagittal contour correction (Fig. 2a-e) .
All patients with incomplete neurologic injuries improved one Frankel grade. In the last follow-up visit, all 32 patients in Group I were Frankel Grade E, and in Group II, 31 patients Grade E, and one was Grade D. There were no implant failures, including no screw breakage, or loosening in either group.
In Group I, based on the pain scale of Denis, nine patients (28.1%) had no pain (P1); 14 patients (43.8%) had slight pain with no need for medication (P2); seven patients (21.9%) had moderate pain with a need for medication but no interruption of work or major change in activities of daily living (P3); and two patients (6.2%) had moderate-to-severe pain with a need for frequent medication and occasional absence from work or a major change in activities of daily living (P4). No patient in either group had constant or severe incapacitating pain and a chronic need for medication (Table 8) .
In Group I, pain was excessive in Magerl Type A33, LSS 8, and L2 fractures, whereas in Group II, pain was more excessive in LSS 8, statistically (P < 0.05). In comparison of Group I and II, there was no difference between localization and LSC, but in Group I Magerl Type A33 fractures pain was evident (P < 0.05).
The functional outcome according to the scale of Denis was satisfactory in 23 of 32 patients (71.9%) in Group I and in 24 of 31 patients (77.4%) in Group II (Table 6 ). 
Discussion
Selection of the surgical method in the treatment of thoracolumbar burst fractures remains a matter of discussion [2, 5, 9, 11, 14, 21, 38, 43] . Multiple parameters have to be considered, such as the type and stability of the fracture, degree of CC, and neurological status [5, 7, 21, 35, 43] . SSPF is frequently regarded as the procedure of choice because it offers advantages such as incorporating fewer motion segments in the fusion, shorter operative time and fewer blood transfusions. But without body reconstruction, SSPF has a 9-54% incidence of implant failure and re-kyphosis [2, 5, 30, 33, 34] . To prevent this, several techniques have been developed to augment the anterior column in burst fractures. Transpedicular bone grafts have been used to reconstruct the vertebral body in addition to SSPF [2, 3, 13, 26] . Many authors believe that transpedicular bone grafts have not prevented early implant failure and correction loss, and may lead to low anterior interbody fusion rates in the long term [2, 26, 29] . To improve the anterior support, a body augmenter was proposed to be inserted into the collapsed vertebral body [9, 30] . The biomechanical analysis showed that the body augmenters combined with SSPF greatly increased the stability, but long-term results are not known and augmentation block application is technically demanding and sometimes impossible in certain fracture types [9] . Recently, PMMA was reported to strengthen the fractured body and prevent implant failure, but the long-term result is unknown [10, 11, 40] . Injection of PMMA into a fractured vertebral body may lead to cement extrusion into the spinal canal, particularly if the posterior longitudinal ligament is torn. Anterior instrumentation and strut grafting have proven to be effective [21, 24, 38] , but require a more invasive approach, prolonged operation time, blood loss, and morbidity [25, 43] . The thoracolumbar junction constitutes the transition zone between the rigid thoracic and the mobile lumbar spine. Vertebral fractures in this area are usually extremely unstable and kyphotic deformity is often of significant degree [14, 33] . Therefore, inserting the screws only one level above and below the fractured segment might not have provided adequate stability. Gurr et al. [19] found that two levels above and below the injured level in an unstable calf spine model provided more stiffness than the intact spine. Katonis et al. [22] found that two levels above and one level below the fracture at the thoracolumbar junction and SSPF in the lumbar area provided stability and formed a rigid construct with no correction loss. Furthermore, Carl et al. [8] reported that segmental pedicular fixation two levels above the kyphosis should be used at the thoracolumbar junction, where compression forces act more anteriorly. In contrast, in the more lordotic middle and lower lumbar spine, where the compressive forces act more posteriorly, no implant failures occurred with the one above, one below construct. Use of four pairs of screws (two above and two below) to lengthen the level arm of the construct would probably not only have enhanced the stability but also allowed effective reduction of kyphotic deformity [5] . SSPF alone can give good clinical and radiological outcomes for certain fractures in the thoracolumbar junction. Detection of those fractures in which SSPF without supporting anterior column is sufficient and does not lead to implant failure and correction loss was one of the goals of this study.
Postoperative correction loss after posterior instrumentation has been reported by many authors ( Table 9 ). The mean correction loss ranged from 0.3°t o 15.4°in the reported series that we reviewed, whereas in our series was 5.2°in Group I and 3.1°in Group II. Correction loss was greater and more common in the SSPF group than in the LSPF group at last follow-up. Correction loss (>10°) developed in six (19.4%) of the 32 cases of SSPF, versus in only two (6.5%) of the 31 cases of LSPF. Alvine et al. [5] reported 39% screw breakage and 23% unplanned reoperation. McLain et al. [33] reported ten (54%) instrumentation failures among 19 fractures. In our series, no instrument failure occurred in either group.
We observed that radiological outcomes are affected especially by localization, fracture type and LSC. Although there was statistically significant improvement in all radiological parameters postoperatively in both groups, we observed more correction loss in L1 fractures treated by SSPF, and the fractures having high LSS's. According to final values, correction percentages in these fractures were significantly less than in those treated by LSPF. SSPF should be performed safely without any anterior column support in any localization, in Type A31 and A32 fractures with a LSS of 6. In the same manner, in T12 or L2 Magerl Type A33 fractures with a LSS of 6 or less, SSPF should be preferred. LSPF may be performed for all types of fractures in the thoracolumbar junction despite incorporating more motion segments in the fusion. Although radiologic outcomes are better, functional outcomes do not differ from those achieved with SSPF except Magerl Type A33 fractures. The results of our study suggest that LSPF can provide more secure fixation and better correction than SSPF in unstable thoracolumbar burst fractures, thereby avoiding correction loss.
McCormack et al. [32] described an LSC to identify which unstable thoracolumbar fractures are likely to have poor anterior load-bearing capabilities resulting in correction loss and implant failure. In those instances, they recommended either a LSPF or two-stage anterior and posterior procedures. Because the screws tended to be highly prone to breakage at a total score of seven or more, McCormack and Parker et al. concluded that LSS 6 or less are likely to be good candidates for SSPF [32, 36] . Based on the LSC, the more comminution, wider displacement (>50% body crosssection), and increased kyphotic correction (>10°) will lead to implant failure [36] . Because the LSC only quantifies comminution, does not identify ligamentous disruption and is not related to the mechanism of injury, the authors never based their decisions regarding whether the patient is reliable enough for SSPF and fusion solely on its use [36] . In the present study, clinical and radiological outcomes of the patients with a LSS 6 treated by SSPF were satisfactory. We believe that LSC with Magerl classification may be used for burst fractures to decide whether patients need anterior augmentation procedures or whether LSPF should be performed. We think that LSC with Magerl classification is effective for detecting fractures that may lead to correction loss. A LSS 6 indicates adequate sharing of load along with the implant to permit only SSPF and fusion. A LSS more than 7 indicates poor transfer of load through most of the injured vertebra and points to the necessity for anterior support or lengthening of the construct, especially in Magerl Type A33 fractures.
Several authors have described spontaneous remodeling of the spinal canal during follow-up [11, 28, 39, 41, 44] . The relation between the canal diameter and its association with neurological sequelae after trauma has been cited numerous times in the literature. Some authors have found no relation [6, 12, 18] , while others have identified varying levels of correlation [23, 39] . The conflicting reports are explained by the work of Hashimoto et al. [20] , who found the probability of neurologic injury to be dependent on both the degree of CC and the level of fracture. A CC of 35% at T10-12 level, and of 45% at L1 and L2 levels can be tolerated without any neurological deficit. The present study shows that fracture reduction by angular correction and distraction is associated with a marked increase in the percentage of patients with a cleared spinal canal, from 55.9 to 74.4% in Group I and from 54.1 to 77.8% in Group II. Canal remodeling was observed at rates of 42.7 and 53.8%, respectively. We believe that there is a correlation between CC and the 
Conclusion
The recent literature does not provide a gold standard for the treatment of thoracolumbar burst fractures. Therefore, the choice of therapy should be made individually, considering the type and severity of fracture, the neurological status and the patient's condition as well as the skills of the surgeon. The patients in this study showed a reduced quality of life, independent of the method of surgical treatment. In our opinion, the current study emphasizes that Magerl classification together with LSC is reliable for better fracture treatment and prognosis. We recommend that, especially in younger patients, who need more motion, 
